Little is known about the structural composition of macrophytic communities in Irish small streams and headwaters, despite their important influence on the biological integrity of the river catchment as a whole. A subset of 103 small stream and headwater vegetation plots were extracted from the River Macrophyte Database (RMD) with the aim of identifying the vegetation groups that occur there, to describe their composition and determine whether these vegetation groups have affinities to British and European vegetation communities or are unique to Ireland. The RMD has been recently collated as part of a wider project that aims to construct a vegetation classification system for Irish rivers. Hierarchical Cluster Analysis and Non-metric Multidimensional Scaling (NMDS) were used to identify these species assemblages. Nine cluster groups, representing different vegetation assemblages were identified; five of these groups were of biological significance and these are described in detail. Of these, two groups were typical of slow-flowing calcareous waters of lowland regions, one group characteristic of fast-flowing calcareous streams and two were typical of acidic fast-flowing waters found more commonly at a higher altitude. A Canonical Correspondence Analysis (CCA) biplot showed the relationship between the species distribution and three chosen environmental factors*flow rate, conductivity and substrate type. These factors were found to have significant influence on macrophyte distribution, despite the small percentage of the variance explained during analysis. Additional factors that were not available for analysis, e.g. nutrient levels, that may explain a greater percentage of the variation in macrophyte distribution are discussed.
INTRODUCTION
Small streams and headwaters play a significant role in the biological integrity of river systems as a whole (Lowe and Likens 2005; Freeman et al. 2007; Meyer et al. 2007) . The function of these small streams and the vegetation within their channels includes nutrient, flow and sediment regulation (Lowe and Likens 2005; Alexander et al. 2007 ). Vegetation provides a primary food source for higher trophic levels, such as grazers on living material and detritus feeders on dead organic matter, and provides a physical habitat for biota, including macroinvertebrates and fish (Dawson et al. 1999; Birk and Willby 2010) and periphytic algae. Vegetation can have a significant influence on river current velocity (Chambers et al. 1991) and plays an important role in the regulation of the flow of key nutrients (Kleeberg and Heidenreich 2004) . Therefore, the ecological stability of freshwater systems is affected by the assemblages of macrophytes present (Sand-Jensen 1998) or by their absence, as is the case for many fast-flowing small streams with unstable substrates. Macrophytes include vascular plants submerged or partly submerged, bryophytes and macroalgae that are visible to the naked eye (Hynes 1970; Holmes and Whitton 1977; NERC 1999; Baattrup-Pedersen et al. 2006) . Small streams are known to support a wide variety of macrophytic life but can also be more vulnerable to environmental changes due to their small catchment size (Meyer et al. 2007 ; see also Callanan et al., this issue) .
Small streams constitute an extensive proportion of any stream length (Haslam 1978; Freeman et al. 2007) , which is estimated to be approximately 75% in Britain (Furse et al. 2000; see McGarrigle, this issue ) and 77% of the entire Irish river network (EPA 2005) . Despite this, little is known about their macrophyte communities. Routine surveys of other biological elements including macroinvertebrates and phytobenthos for example, for the purposes of water quality assessment record the plant species present but apart from the work of Matson (2006) and Heuff (1987) , there has been limited research targeting the aquatic macrophyte communities of small streams in Ireland, both Matson and Heuff indicated that more research was needed. The National Vegetation Database (NVD) collated in 2012 was shown to have knowledge gaps, one of which was the lack of river vegetation data within the database (Weekes et al. 2013) . To address this, a River Macrophyte Database (RMD) has been collated with 2000 Irish river vegetation plots from a variety of sources for the purpose of constructing a vegetation classification system for Irish rivers. For the purpose of the present paper a subset of small stream plots were extracted from the RMD with the aim of describing the macrophyte assemblages that exist in these habitats in relation to available environmental factors.
In recent years, the importance of small stream vegetation is becoming recognized and new studies are now coming to light, particularly on the bryophyte-dominated communities that often characterise faster flowing headwater streams in Britain (Scarlett and O'Hare 2006; Lang and Murphy 2012) and Europe (Hrivnák et al. 2010 , Gecheva et al. 2013 . The composition of vegetation communities described in these studies show great similarities throughout Europe, despite their wide geographical distribution. It is expected that Ireland is not unique in terms of its small stream vegetation, but while it may be very similar to that found elsewhere in Europe, it may have fewer species, given its geographical location.
Many small streams challenge the establishment of aquatic vegetation in terms of physical habitat, especially those in upland catchments where high flow velocity prevails and where there is often a scarcity of fine substrate material for rooting. Thus, the aquatic macrophytic communities of small streams might be expected to be patchy and heterogeneous in nature, much in the same way as their macroinvertebrate communities (Callanan et al. 2012; see Callanan et al., this issue) . It is expected that small streams and headwaters will be dominated by bryophyte assemblages because the narrower width of the stream contributes to a high flow rate and there are more boulders than on larger streams. Vascular plants would not be expected to prevail in these conditions. Small streams in more lowland situations are likely to support vascular plant life if the benthic sediment is fine and the flow rate is slower, as these enable the rooting of vascular plants, but it may be that these slow-flowing small streams have less room for emergent zones, which might result in a vegetation mix of both channel and emergent species growing in close proximity to each other.
The analysis in this paper tested the above hypotheses by investigating species groupings rather than the more conventional plot-based classification approach, in response to the diverse nature of the data. The results will set the scene for further investigation into Irish small stream macrophyte vegetation for classification purposes and will help identify the challenges that need to be addressed in future studies.
MATERIALS AND METHODS

DATA COLLATION
The river data used in this study were extracted from the RMD, which contained vegetation data sourced from the Environmental Protection Agency (EPA), National Parks and Wildlife Service (NPWS), National Biodiversity Data Centre (NBDC), Inland Fisheries Ireland (IFI), Northern Ireland Environment Agency (NIEA) and PhD theses (Caffrey 1990; Matson 2006) and stored in the database management system TURBOVEG (Hennekens and Schaminée 2001) . Taxonomic nomenclature is based on the National Botanic Garden's Irish plant checklist, 'Ireland2008' (Praeger 1901; Scannell and Synnott 1987; Bryant et al. 2002; Coppins 2002; Holyoak 2003) , which is the digital species dictionary held within TURBOVEG.
The data extracted were from a subset of plots from small streams and headwaters: each plot had a measured area (generally 50Á100m river channel length ) wetted channel width) within which macrophyte species and their cover abundance were recorded. The criteria established for plot extraction were that all streams were small with a Strahler order (if specified) of 1 or 2, or an average channel width of less than 3m. Furthermore, the water quality had to be of at least good quality or higher, i.e. Q4Á5 or 5, according to Ireland's water quality rating system used by the EPA, which is mainly based on macroinvertebrate indicators. The streams also had to have good hydromorphological status, with minimal anthropogenic influence. Plots that were included in the analysis had environmental variables common to all. A total of 103 vegetation plots met these criteria out of a possible 273 small stream plots within the RMD.
DATA PREPARATION
The diverse nature of the data, i.e. being from a variety of sources and collected for different purposes, including water quality assessment, meant that careful consideration was needed when preparing the data for analysis to ensure that the best use of the data could be achieved. Plot stratification: The distribution of the plots was investigated to ensure that they were evenly distributed geographically and duplicate plots from the same areas were removed. Relativisation of cover abundance values: Cover abundance scales within the data were varied, including percentage cover, Braun-Blanquet scale, CEN 5-point scale and Domin 10-point scale. It was decided to convert all values to % cover. It was also evident that there was an apparent difference of opinion on estimating the cover of vegetation between recorders: some recorders had consistently lower cover values than others. As a result, the percentage cover values were then relativised with the Parameter 0 1.00 to ensure cover values were standardised across the dataset, emphasising the proportion of vegetation cover, rather than the percentage cover values. Removal of species: Terrestrial species were sometimes noted as being present on the river bank and recorded due to their riparian location or invasive nature. These were removed before analysis. Rare species were also removed: these were species that occurred in B3 plots, these were not necessarily rare nationally, but rare within the dataset. Species amphibious in nature were not removed, as these were important components of the plots from slowflowing, vascular plant-dominated streams. Species merging: Due to the variation in taxonomic level of identification within the data sources it was necessary to merge particular genera together for analysis to ensure there was a sufficient number of plots remaining for analysis, e.g. Racometrium aciculare was merged with Racometrium species, but there is a very high probability that Racometrium species was indeed Racometrium aciculare in the field, as was the case for other species such as Thamnobryum species being most likely Thamnobryum alopecurum. This was taken into account when carrying out analysis, and species are denoted in brackets in the text if highly probable. Transposed matrix: Due to the diverse nature of the data, it was decided to identify plant species assemblages/groups and investigate species responses to environmental variables rather than to create a plot-based classification. This decision was made after initially viewing the summary statistics and finding that stability criteria were not met using the plot-based classification approach, and thus a transposed main matrix was used in the analysis. Standardising and categorising of environmental variables: Not all environmental variables were recorded by the same methods: for example, flow rate was either originally recorded subjectively as 'fast', 'moderate' or 'slow', or objectively using a flow metre (measured in ms 1 ). It was necessary to convert environmental variables to categorical ones for indicator species analysis. This was also done for some other environmental variables involved in the analysis.
DATA ANALYSIS
Preliminary analysis to identify species assemblages was carried out on the RMD subset using the statistical programme PC-ORD (McCune and Mefford 1999; Peck 2010) . Hierarchical Cluster Analysis (CA) was undertaken to identify macrophyte species groupings within the dataset using the flexible beta linkage method at b 0 (0.25 with the Sorensen (Bray-Curtis) distance measure 2 between species. The groups identified during cluster analysis were then validated by running Multi-Response Permutation Procedures (MRPP) (Mielke and Berry 2007) . The distance measure used was Sorensen (Bray-Curtis) measure, and the groups were defined based on these clusters.
The species were then tested for their indicator values for available categorical environmental factors: altitude, shade, calcareous/non-calcareous waters, substrate type, flow rate and pH using the Dufrêne and Legendre (1997) method. Environmental data were recorded and applied to these plots by the recorders, but there is no evidence that episodic flooding or pH fluctuations were taken into account. Species indicator values (IV) and relative abundance across each environmental category were calculated, followed by a Monte Carlo randomisation test (number of randomisations 0 4999). This test indicated the significance of the maximum indicator value (IV Max) calculated for each species.
Non-metric multidimensional scaling (NMDS) (Kruskal 1964a; Kruskal 1964b ) is a non-restrictive ordination technique that avoids the assumption of linear relationships among variables (McCune and Mefford 1999) and is therefore more suited to ecological data. Ordination using this method was carried out to visualise the distance between species and hence the cluster groups identified during CA. Random starting configurations were chosen and Sorensen distance measure was used with a maximum of 1000 iterations.
Constrained ordination, Canonical Correspondence Analysis (CCA) was used to provide an overall explanation of the macrophyte distribution in relation to some of the environmental variables. It was necessary to check these variables for autocorrelation before running a CCA. Multiple pairwise tests were carried out using the statistical package Hmisc in R (R Development Core Team 2011; Harrell 2014). Highly correlated environmental variables were excluded from the CCA (fine, sand and cobble substrates; pH, shade, altitude, and channel width). The environmental variables selected for analysis were conductivity, flow rate and rock substrate, which can infer the effects of those factors excluded; flow rate was found to be negatively correlated with the finer substrates and channel width, while conductivity was positively correlated to pH and negatively correlated to altitude.The analysis was optimised for species using biplot scaling. The Monte Carlo test indicated the significance of any correlations (number of randomisations were 998). Finally, the vegetation plots were imported into JUICE (Tichý 2002 ). This application is used for editing, classification and analysis of phytosociological data. It was optimised for use in association with TURBOVEG (Hennekens and Schaminée 2001) . A synoptic table was produced by sorting the vegetation plots according to the five significant groups found during the cluster analysis.
RESULTS
The 103 vegetation plots used in the analyses were distributed throughout the Republic of Ireland (Fig. 1) . Overall, a total of 54 taxa were recorded. The most taxon-rich group comprised of vascular plants (21 species) followed by mosses (18 species); there were just seven liverworts, seven macroalgae and one lichen species/genera recorded within the plots analysed. Not all macrophytes were recorded to species level: five vascular plants were only identified to genus level, as were eight mosses and two liverworts. However, the species name of five of these macrophytes can be assumed with very high probability and are listed in brackets on Table 1 . Macroalgae were identified to genus only, as is standard practice for river macrophyte surveys in Ireland. It is not practical to identify macroalgae to species level in general as reproductive structures are needed for reliable identification and are often absent from specimens in the field.
The number of species/genera per plot ranged from two to fifteen species, with an average of 6.8 species per plot. The most common vascular plant and bryophyte identified to species level was Ranunculus flammula and Scapania undulata, occurring in 42% and 47% of the plots, respectively. Rarer species recorded were only rare in terms of their plot occurrence rather than on a national basis. There are 16 genera of true aquatic bryophytes in Ireland based on Hill et al. (2007) , of which 43% were found in these small streams.
The plots had an average channel width of 1.8m, and 78% were from areas of altitude between 100Á330m with an average altitude of 211m. Most plots (71%) were recorded in rivers with fastflowing waters, i.e. 0.5ms
(1 , and the pH of the stream waters ranged from 4.4 to 8.5 with an average pH of 6.9 across all plots.
Nine cluster groups were identified using CA (percent chaining 0 7.22). These were presented in the dendrogram (Fig. 2) together with a species list (species codes are listed in Table 1 ). These nine groups were validated by Multi-Response Permutation Procedures (MRPP), however, four groups (4, 7, 8 and 9) were not well defined, and only contained two or three species that normally occur within larger assemblages of species associated with larger vegetation communities. The biological significance of these cluster groups therefore, remains unclear. Five of these groups (groups 1, 2, 3, 5 and 6) were of biological relevance, i.e. they represented recognised vegetation groups in the field and were re-enforced with statistical evidence from indicator species analysis and NMDS. Groups Lem spe Verrucaria species-Lichen Verr spe 1 and 6 were from lowland, alkaline, slow-flowing streams; Group 2 was from fast-flowing, calcareous streams, and Groups 3 and 5 represented two vegetation groups from fast-flowing, acid streams of higher altitudes (100Á330m or higher). Indicator species analysis identified 28 species that were statistically significant (p B 0.05), with a minimum cut-off point for the indicator value of 20 (IV 20). Significant indicators of each environmental factor are laid out in Table 2 and summarised for each vegetation group in Table 3 . Some species were significant indicators of more than one environmental factor, for example Apium nodiflorum was found to be a significant indicator of the greatest number of environmental conditions:lowland stream with calcareous, alkaline, moderate flowing waters over fine substrates (IV 0 21.1Á33.7). The strongest indicators identified in the analysis were Racometrium species (R. aciculare) and Scapania undulata, with IV values of 50.1 and 50.5 respectively, both indicating non-calcareous conditions. Scapania undulata also had a value of IV 0 54.7 for mountainous conditions (see Table 4 for environmental category definitions). There were between two and six indicator taxa identified for each of the five vegetation groups. Groups 1 and 2 had the greatest number with six species each.
The Non-metric Multidimensional Scaling (NMDS) plot (Fig. 3) is overlain with the most Fig. 2 * Dendrogram of 9 clusters identified using hierarchical Cluster Analysis in PC-ORD using a transposed matrix to investigate species associations rather than site groupings. Refer to Table 1 Many of the environmental variables were found to be significantly correlated to some degree following multiple pairwise testing. From these correlation results, it proved difficult to pick factors that were totally independent of each other for CCA. However, it was decided to select conductivity, given its strong influence in the NMDS analysis, along with cobble/boulder substrate; flow rate was also chosen, being the least correlated of the remaining factors. The results of CCA (Fig. 4) showed that the association between the species distribution and the three environmental variables on axis 1 was high (r 0 0.893 with p 0 0.001). Despite this, little of the variance was attributed to this axis (4.1% Axis 1 with p B 0.001). However, a similar pattern to the NMDS plot can still be identified on the CCA biplot.
DESCRIPTION OF VEGETATION GROUPS
The vegetation composition of the five significant vegetation groups is summarised in the synoptic table (Table 5 ). There were 48 vegetation plots from alkaline conditions and 55 from more acidic waters. The constancy values were generally high for vascular plants (e.g. Apium nodiflorum and Mentha aquatica) in Groups 1 and 6, typical of lowland, slow-flowing, alkaline streams where the benthic substrate was fine. The only vascular plant widely distributed throughout was Ranunculus flammula. In contrast, bryophytes dominated the groups representing upland and/or fast-flowing waters on solid stable substrates (Groups 2, 3 and 5). The bryophytes Platyhypnidium riparioides, Brachythecium rivulare and Chiloscyphus polyanthos were more prevalent in alkaline, fast-flowing conditions, whereas Hyocomium armoricum, Scapania undulatum and Marsupella emarginata were typical of fast-flowing, acidic waters with more rocky substrates. This pattern is also evident from the NMDS plot (Fig. 3) , where, as previously mentioned, vascular species typical of slow-flowing, alkaline waters dominate the righthand side of the plot where conductivity is at its greatest, grading to the left-hand side where bryophytes were the more prevalent species. Some bryophytes appear to be widespread throughout, but it should be noted that a number of bryophytes were only recorded to genus level and there is no accounting for species' environmental preferences within the genus. For example, the liverwort Pellia species looks evenly distributed throughout, but Pellia endiviifolia is common in alkaline waters, whereas Pellia epiphylla prefers more acid conditions (Atherton et al. 2010) . Identification to genus level in these cases contribute very little to the knowledge of the species group composition.
The five main groups are described in more detail below, and significant indicators in this study are marked with * for each group.
Group 1: vascular plant-dominated with fine substrate in calcareous/alkaline, slow-medium flowing waters of lowland regions. Apium nodiflorum*, Glyceria species* (G. fluitans) were the more dominant species, with Callitriche spespeciescies and Sparganium erectum* found as emergent/ Bat spe Partial edge species. These plants are indicative of the prevailing environmental conditions. Grading out from the edge, Fontinalis antipyretica was frequent in the deeper-flowing stretches, Spirogyra and Potamogeton species were occasionally present also but were not identified to species level.
Group 2: bryophyte-dominated with cobble/boulder substrate in calcareous/alkaline, fast-flowing waters. Vascular plant species from this group also occur in Group 1. Iris pseudacorus* and Oenanthe crocata, Veronica beccabunga are often associated with Glyceria fluitans, Sparganium erectum and Apium nodiflorum. The difference being that this group was dominated by bryophytes. The bryophytes in this group were generally found in faster flowing waters in the channel where cobbles and boulders were present for moss attachment, the liverwort Chiloscyphus polyanthos had the greatest constancy value. The moss Platyhypnidium riparioides*, a true aquatic species, the two littoral moss species Brachythecium rivulare* and Thamnobryum species (T. alopecurum) and bank liverwort Conocephalum conicum were also associated with this group. The macroalga Cladophora was only present in this group and Group 1.
Group 3: bryophyte dominated with course substrate in acidic, oligotrophic, fast-flowing waters of upland regions. This group was characterised by the presence of Marsupella emarginata* a littoral species found on rock, soil or gravel and Fontinalis squamosa an aquatic species, both typical of nutrient poor, acidic waters (Hill et al. 2007) . Eleocharis species was typically found along the gravelly stream margins. Two macroalgae were also strongly associated with this group; Lemanea, typical of fast-flowing, nonalkaline waters and Phormidium found in a wide range of nutrient conditions (Bellinger and Sigee 2010) . Fig. 3 * NMDS plot of species distribution along axis 1 and 2 overlain with 3 influential environmental factors * cobble/ boulder substrate (referred to as 'rock substrate' on the plot), pH and conductivity. All 54 species are plotted; however, only groups of biological significance (groups 1, 2, 3, 5 and 6) are delineated, i.e. these are recognised vegetation groups in the field that were re-enforced with statistical evidence. Refer to Table 1 for species codes.
Group 5: bryophyte dominated with rocky/boulder substrate in acidic oligotrophic fast-flowing waters of mountainous regions. This is another bryophyte-dominated group including the aquatic liverwort Scapania undulata*, which had the highest constancy value of the macrophytes identified to species level. Littoral mosses such as Racometrium species* (R. aciculare) and Hyocomium armoricum* were prevalent and indicative of the prevailing environmental conditions of this group (Vanderpoorten and Klein 1999; Hill et al. 2007 ). This group is distinct from the previous group due the lack of Group 3 species. Ranunculus flammula was the only vascular plant identified in this group but was widespread across all groups.
Group 6: vascular plant dominated with fine substrate in calcareous/alkaline, slow-flowing waters in lowland regions This is a vascular plant dominated group where the substrate was suitable for rooting. Mentha aquatica* was found to be the most constant species, occurring with Phalaris arundinacea*, Berula erecta* and Lemna minor*, grading out in to the channel where Ranunculus subgenus Batrachium was typically present.
Other groups (Groups 4, 7, 8 and 9) that were not featured on the NMDS or CCA biplots as explained previously, can be seen in the cluster dendrogram (Fig. 2) and are described briefly below.
Group 4 was composed of Rorippa nasturtiumaquaticum and Vaucheria species, both species are commonly found in slower flowing streams among other vegetation such as Apium nodiflorum and Fontinalis antipyretica, and are often associated with higher nutrient levels. This may be evidence of where there is bias in the data, where Vaucheria, a macroalgae was recorded in a few plots with Rorippa-nasturtium aquaticum by a recorder with expertise in macroalgae identification and, hence, the cluster analysis has indicated a significant association between these two species alone where perhaps there is none.
Group 7 consists of two species Hildenbrandia and Cinclidotus fontinaloides both found in fastflowing more calcareous streams, but these are very often associated with other species such as Brachythecium rivulare and Chiloscyphus polyanthus and generally not found in isolation, a bias in the data as described above may be evident here also, Hildenbrandia being a macroalgae and only recorded by those with macroalgae identification skills. Groups 8 is composed of three species, Leptodictyum riparium, Plagiomnium rostratum and Veronica x lackschewitzii are species associated with lowland, calcareous waters with L. riparium often associated with high nutrient levels.
Group 9 is typical of fast flowing streams, generally more acidic and oligotrophic where Batrachospermum and Blindia acuta are found within the channel and Juncus bulbosus often occurring at the edge or as an aquatic and often associated with other upland river species such as Racomitrium aciculare. The reason why species in Groups 8 and 9 were not associated with other species with similar ecological preferences remains unclear.
DISCUSSION IRISH SMALL STREAM VEGETATION IN A EUROPEAN CONTEXT
It is evident from this study that Irish vegetation assemblages of small streams and headwaters are heterogeneous due to the wide variety of habitats that exist in small streams. Callanan (2012) found similar distribution patterns when studying macroinvertebrates from small stream habitats (see also Callanan et al., this issue) . Irish small stream vegetation has a high degree of affinity with that of Britain and mainland Europe (Haslam 1978; Englund et al. 1997; Holmes et al. 1999; Muotka and Virtanen 1995; Baattrup-Pedersen et al. 2003; 2006; Scarlett and O'Hare 2006, Hrivnák et al. 2010; Lang and Murphy 2012) . However, when comparing the Irish vegetation groups from this study, the limitations of these data must be noted. The plots were from a variety of sources and gathered for different purposes, and as a result, it was necessary to approach the analyses by investigating species groupings rather than the more conventional approach of classifying vegetation plots, typically used for vegetation classification purposes. The difficulties arose because field recording approaches were highly varied, for example, plot size ranged from 5m ) 5m up to stretches of 100m in length. This may have blurred the vegetation groups identified in this study due to a large plot size encompassing more than one group type. Other difficulties included the range of cover abundance scales used and the variety of expertise among different recorders: some had greater expertise in macroalgae identification for example, resulting in a complete list of macroalgae, flora and cover values for some plots, whereas in plots reported on by other recorders, unidentified algae were listed merely as being present. This was considered when identifying macrophyte groupings within these data, and caution was taken when comparing these groups to recognised plant communities from Britain and Europe. Despite this, vegetation assemblages were still recognised, although not always clearly defined, and comparisons to vegetation communities in other parts of Europe were possible.
The high occurrence of vascular plants in lowland, slow-flowing alkaline streams where the substrate is fine and more suitable for rooting is recognised in Ireland and Britain (Holmes et al. 1999; Matson 2006) . This is in contrast to the more upland, fast-flowing streams with solid stable substrates where bryophytes prevail and vascular plants are few, if present at all. This finding concurs with other studies across Europe and elsewhere (Slack and Glime 1985; Baattrup-Pedersen et al. 2006; Ceschin et al. 2012) . Aquatic bryophytes and vascular plants are known to have an inverse correlation in rivers (Gecheva et al. 2013) .
The distinction between the two vascular plant-dominated groups, Groups 1 and 6, was unclear in this study. Species from both groups are commonly associated together and recognised as the alliance Batrachion fluitantis Neuhäusl 1959 as described in White and Doyle (1982) and common across Britain and Europe. This alliance is otherwise known as the Floating River Vegetation habitat Caffrey's (1990) classification of larger lowland river types (Groups B, C, D and F). Both Groups 1 and 6 contain several amphibian species*Glyceria fluitans and Phalaris arundinacea, for example*that can grow as emergent vegetation or on the river banks that blur the distinction between the groups. This was also, most likely, partly due to the fact that an analytical approach was taken to investigate species assemblages rather than the plotbased classification approach. It may also be that these lowland small stream vegetation assemblages are unique in terms of species structural composition and/or species richness due to their narrower channel width in proportion to the emergent zone.
To develop this hypothesis, more detailed data collection, where all macrophytes would be identified to species level, and subsequent plot-based analysis would be needed. Bryophytes were generally found in the fasterflowing waters in the channel where cobbles and boulders were present for moss attachment. The composition of these bryophyte assemblages was strongly influenced by conductivity and whether or not the waters were calcareous. It is known that riverine bryophytes are strongly influenced by a range of variables (Suren and Ormerod 1998; Scarlett and O'Hare 2006) including water alkalinity, making bryophytes useful as indicators (Newman and Dawson 1996) . Where waters were alkaline, calcareous and with higher conductivity, bryophyte assemblages typical of Group 2 were prevalent. Chiloscyphus polyanthos was an abundant species and is known to be acid-sensitive (Vanderpoorten and Klein 1999) and more suited to alkaline/neutral waters (Hill et al. 2007) . Group 2 also includes the species Oenanthe crocata, Platyhypnidium riparioides and Conocephalum conicum, indicating a high affinity with the British classification Group B (V) (Holmes et al. 1999) . The British classification Group B is considered an intermediate group between alkaline lowland rivers and higher altitude streams. Very similar communities were also found across Wales (Scarlett and O'Hare 2006) and Scotland (Lang and Murphy 2012) and in unimpacted streams of Europe (Baattrup-Pedersen et al. 2006; Hrivnák et al. 2010) . The macroalga Cladophora was also associated with Group 2 with a low constancy value of 1%Á20% and was considered by Heuff (1987) as a diagnostic species for the association she named Conocephaletum Heuff ass. nov. 1987, a community typical of alkaline, calcareous conditions. Very different bryophyte assemblages were found in the more upland acidic streams where conductivity was low. Scapania undulata was prevalent in both Groups 3 and 5, closely associated with Racomitrium species (R. aciculare) and Hyocomium armoricum, typical of fast-flowing acidic streams. Heuff (1987) described and named this vegetation community as the Scapanietum undulatae Heuff ass. nov. 1987, which is also closely associated with the British river classification Groups C and D, which contain rivers of higher altitude with fast-flowing acidic waters (Ormerod et al. 1987; Holmes et al. 1999) . These communities were also recognised in the headwaters of Scotland and in minimally impacted streams in upland Europe (Lang and Murphy 2012) where Scapania undulata was a key species.
Group 3 was composed of species that were also common in Group 5, but was characterised by the higher abundance of Marsupella emarginata, Fontinalis squamosa and Eleocharis species, and the presence of the two macroalgae Phormidium and Lemanea, generally associated with fast flowing streams. It is possible that Group 5 is a sub-group of Group 3: more data collection, where macrophytes are identified to species level would be needed to confirm this hypothesis.
It was noted that bryophyte species distribution was not only influenced by hydrochemistry but also by physical conditions. The distribution of bryophyte morphological growth forms changed along a gradient from slow-flowing streams to more rapidly flowing waters. The abundance of trailing growth forms such as Fontinalis antipyretica and Platyhypnidium riparioides were common in lowland, slowerflowing streams where the environment was more stable, whereas in the less stable faster-flowing streams of the uplands, short turf species (e.g. Blindia acuta) were more common. This concurs with the observations of Muotka and Virtanen (1995) in Finnish streams. Intermediate growth forms between these extremes were the turfformers such as Scapania undulata and Racomitrium aciculure. This pattern, grading from canopy forming bryophytes to short, tight substrate-hugging species was also recognised by Lang and Murphy (2012) in Scottish streams, which is further evidence that morphology of bryophytes reflects physical habitat conditions. In this study, bryophyte morphology seemed strongly associated with flow velocity.
ENVIRONMENTAL DRIVERS OF THE STREAM MACROPHYTE GROUPS
Environmental drivers that influence macrophytic distribution in rivers and streams are similar across a large geographical scale, not only in Europe but worldwide (Suren and Ormerod 1998; Suren and Duncan 1999; Johnson and Hering 2009) . Environmental factors investigated in this study were found to be highly autocorrelated and difficult to isolate. This is a common challenge experienced by river vegetation researchers (Hrivnák et al. 2006; Matson 2006; Gecheva et al. 2013, among others) . It was still possible, however, to show that flow rate, substrate size and conductivity are important factors determining macrophyte community structure in small streams and that they can act as surrogates for other autocorrelated factors (e.g. conductivity for calcareous/non-calcareous). These factors are well-known as significant environmental drivers of river macrophyte communities across Europe (Haslam 1978; Suren 1996; Matson 2006; Scarlett and O'Hare 2006; Hrivnák et al. 2010; Lang and Murphy 2012; Gecheva et al. 2013) . However, in this study, these factors only explained 4.1% of the variance among the vegetation groups identified. This would suggest that the analytical technique used (CCA) to show the relationship between species distribution and the environmental factors was not entirely suitable, or that there are other environmental factors not accounted for in this study that play a greater role in macrophyte distribution in these streams. There are limitations to using CCA in this investigation due to diverse nature of the data, which most likely accounts for the low percentage variance explained. Nevertheless, there was value in the analysis. The output still reflects the trends found using NMDS. Environmental factors that may not have been accounted for includes nutrient levels. It was noted that some species within both Groups 1 and 6 are known to be indicators of nutrient-enriched environments, including Lemna minor (Birk et al. 2006; Birk and Willby 2010) and Fontinalis antipyretica (Hrivnák et al. 2006) , which is very common Europe-wide (Englund et al. 1997; Baattrup-Pedersen et al. 2006; Ceschin et al. 2012) . In Group 2, Platyhypnidium riparioides, Brachythecium rivulare and Conocephalum conicum are also indicative of high nutrient levels in calcareous conditions (Hill et al. 2007) . Cladophora is considered to be indicative of nutrient enrichment, especially when it occurs abundantly (Heuff 1987) . Conversely, there are species in Groups 3 and 5, such as Marsupella emarginata, a littoral species found on rocks, soil or gravel, and Fontinalis squamosa, an aquatic species, that are both typical of nutrient-poor, acidic conditions (Hill et al. 2007) .
The species groupings may reflect a nutrient gradient, but without nutrient data available for these sites, it is not possible to confirm this. However, the macrophyte groups identified in this study roughly concurred with Matson's (2006) river pollution gradient (in terms of N and P): this, however, does not indicate that pollution was present, merely that these species groups are common in more enriched environments. Other studies show that nutrient levels are important drivers of community structure in small streams (Scarlett and O'Hare 2006; Birk and Willby 2010; Hrivnák et al. 2010; Gecheva et al. 2013) . Janauer and Dokulil (2006) found that downstream there is often an increase in species that prefer higher trophic conditions than those species occurring further upstream. Water depth is also recognised as an important environmental driver that can be directly related to the degree of shading in terms of water transparency (Riis et al. 2001; Hrivnák et al. 2006; 2010; Birk and Willby 2010; Gecheva et al. 2013) . Matson (2006) considered water colour (peaty/non-peaty) as a factor influencing macrophyte distribution. Geology is also likely to have some influence on macrophyte distribution in terms of its overall effect on water chemistry (Scarlett and O'Hare 2006; Gecheva et al. 2013) . Other factors found to have at least some contribution to macrophyte distribution in other studies are landuse and discharge/disturbance (water fluctuations) (Muotka and Virtanen 1995; Baattrup-Pederson and Riis 1999; OtaheIová et al. 2007) . Perhaps some if not all these additional factors, if known, would account for some of the unexplained variance in this present analysis.
CONCLUSIONS
It was not possible to classify the vegetation into recognised plant communities but merely to identify vegetation groups and show that they have strong affinities to recognised small stream vegetation communities found in Britain and mainland Europe. From this study it was shown that conductivity in particular had an important role in determining species group composition in Irish small streams and that flow rate had a significant influence on macrophyte morphology, particularly in the case of bryophytes, and also had an influence on the substrate size that determined the distribution and abundance of bryophytes and vascular plants.
It was evident that there is a need for the development of a standardised approach to vegetation surveying techniques for the purpose of creating a river vegetation classification system. The data used in this study have greatly assisted in the identification of species groups, and will be a valuable tool in guiding the structure of a future classification system when further field work and data collection have been completed. Further study is underway to collect additional aquatic vegetation data from a range of clean-water rivers, including small streams. Analyses will be carried out on the enlarged RMD dataset as a whole, and this may also help to highlight the distinction between the vegetation groups identified in small streams.
